nance treatment, as it largely has the same properties as the substituted drug heroin/diacetylmorphine. The short half-life of morphine, a therapeutic limitation, has been overcome by a slow-release formulation [6, 7] .
In several studies, slow-release oral morphine has been proven as an efficacious medication for reduction of illicit drug use, with effects similar to methadone maintenance treatment [3, [8] [9] [10] . Given the high prevalence rates of psychiatric comorbidity in opioid-dependent patients, the effects of substitution medication on these symptoms in particular are of special interest [11] . Previous studies suggest positive effects of slow-release oral morphine on depression, anxiety or quality of life [9, 10, 12] . However, only the study of Eder et al. [9] had a controlled design, and it failed to show superior quality of life results for slow-release oral morphine compared to methadone [13] .
A recent crossover trial confirmed the noninferiority of slow-release oral morphine regarding the additional use of heroin compared to methadone [8] . This report focuses on the results of patient-reported outcomes from the study, which were secondary efficacy-related parameters. The effects of slow-release oral morphine compared to methadone on mental symptoms as well as self-reported drug and alcohol use and satisfaction with treatment are described.
Methods
An open-label randomized crossover study was conducted in 14 treatment sites in Switzerland and Germany. For study inclusion, patients had to be opioid dependent (F11.2 according to ICD-10), aged 18 years or older and already participating in methadone maintenance treatment for at least 26 weeks. The study design is described in detail elsewhere [see 8 ]. The main part of the study comprised two crossover periods of 11 weeks each (1 week adjustment phase followed by 10 weeks of treatment; see fig. 1 ).
Self-reported outcomes were assessed during the crossover phase, i.e. at baseline, weeks 2, 6 and 11 during the 1st period and at weeks 13, 17 and 22 during the 2nd period (see fig. 1 ). Mental symptoms were rated according to the Symptom Checklist-27 (SCL-27), a short form of the SCL-90-R [14] . This instrument includes subscales on depressive, vegetative and agoraphobic symptoms as well as a global severity index (GSI), which represents an overall burden of psychiatric symptoms. Drug and alcohol use at the time of inclusion were assessed according to the European Addiction Severity Index standards [15] . The number of self-reported consumption days during the past 30 days at baseline and during the time span since last assessment (at weeks 2, 6, 11 and 13, 17, 22) was used for analyses. Treatment satisfaction was assessed by a visual analogue scale (VAS) scoring from 0 ('not satisfied at all') to 10 ('deeply contented').
To increase the validity of the study results, stringent criteria for the per protocol (PP) population were set to include patients who completed each of the two crossover treatment periods (11 weeks) within a specified time frame of ≥ 70 days and ≤ 84 days, who had urinalyses for ≥ 9 out of 11 weeks per crossover period and no discontinuation of study medication for more than 5 consecutive days [see 8 ].
For statistical analyses regarding the PP population, the results of the 3 assessments of each criterion were pooled by calculating a mean score per period for both treatment conditions. With regard to drug (heroin, cocaine, benzodiazepines) or alcohol use, overall sum scores of consumption days per period were calculated. These scores were compared by multifactorial analysis of variance with factors for treatment, sequence and period. Equality of the carry-over effect was tested by a two-sample t test. Statistical analyses were performed using SPSS, version 19 [16] . For the statistical analyses in the intention to treat (ITT) population, the mean values from available data were calculated for each period of treatment. 
Results
A total of 276 patients (ITT sample) were recruited and randomly assigned to a treatment sequence starting either with morphine and followed by methadone (group 1) or Crossover study design over 47 weeks (R = randomization); assessments at week 0 (baseline), 2, 6, 11, 13, 17 and 22. methadone followed by morphine (group 2). Retention in treatment during crossover was high without any differences between treatments or periods [group 1: 110 of 141 patients (78%); group 2: 101 of 135 patients (75%)] [8] .
One hundred and fifty-seven patients qualified for the PP population: 84 patients in group 1 (morphine-methadone) and 73 patients in group 2 (methadone-morphine) [see 8 ].
Sample Characteristics
Most patients in the PP sample were male, single and unemployed, and mean age was 39 years. The average length of methadone substitution treatment before study entry was 3.6 years. Although some differences in the baseline characteristics between study populations were recorded, e.g. rates of hepatitis C virus infection, cocaine use and psychiatric comorbidity ( table 1 ), they were considered not to be relevant confounders when comparing the two treatment groups.
Mental Symptoms
Mental symptoms as rated by SCL-27 had a different time course during the two sequences of treatment. Baseline values were similar in both treatment arms (sequences). Symptom severity (as measured by GSI) decreased in the methadone-morphine arm after the medication switch, whereas it increased in the morphine-methadone arm ( fig. 2 , left side). Similar results were obtained for depressive symptoms (as measured by the relevant SCL-27 subscale); whilst under morphine treatment, patients reported fewer symptoms compared to the methadone treatment period ( fig. 2 , right side).
Overall severity of mental symptoms (GSI) was lower under morphine compared to methadone treatment, and the difference was statistically significant in the PP population ( table 2 ) as well as in the ITT population (0.60 ± 0.60 under morphine vs. 0.67 ± 0.63 under methadone; p < 0.05). In addition, 5 of the 6 syndrome groups represented by subscales of SCL-27 showed better outcomes for morphine as compared to methadone treatment. Differences between treatment groups were most prominent for depressive and dysthymic symptom subscales ( table 2 ) . Generally, patients under oral morphine treatment displayed Values are expressed as mean ± SD.
better mental health than when under methadone treatment. In some of the subscales, e.g. those related to symptoms of agoraphobia, sociophobia and mistrust, an interfering effect of sequence was observed, indicating different symptom levels between group 1 and group 2, i.e. generally higher scores in the methadone-morphine arm, as represented by the GSI scores (see fig. 2 ). The tests for a possible carry-over effect regarding SCL-27 GSI and subscales did not show statistical significance.
Drug and Alcohol Use
The highest number of consumption days was found for alcohol, followed by benzodiazepines, heroin and cocaine. There were no statistically significant differences in substance use according to the treatment condition (morphine vs. methadone). Switching from morphine to methadone or vice versa had no effect on substance use, except for an increase in benzodiazepine use in the methadonemorphine arm ( fig. 3 ) . The average number of consumption days of heroin, cocaine, benzodiazepines and alcohol remained similar in both study periods. However, patients starting with methadone and switching to morphine had generally higher consumption levels in both periods.
This stable consumption pattern is reflected in the statistical analyses of the comparison of the mean number of consumption days between the treatment conditions. The comparison for treatment groups did not reveal a statistically significant difference for any substance ( table 2 ). For the use of cocaine and alcohol, a significant sequence effect was detected. This finding corresponds to an overall higher consumption in the methadone-morphine subsample in both study periods. Again, the tests for possible carry-over effects yielded no statistically significant differences.
Satisfaction with Treatment
Initially, treatment satisfaction increased under both treatment conditions (morphine and methadone). However, after switching from morphine to methadone, treatment satisfaction decreased, whereas it increased further in patients who switched from methadone to morphine. In both periods, patients described higher treatment satisfaction under treatment with morphine compared to methadone ( fig. 4 ) .
Treatment satisfaction was statistically significantly in favor of morphine ( table 2 ) . Furthermore, the period effect reached statistical significance, which is reflected by an overall higher treatment satisfaction in the first period (see fig. 4 ). There was no significant carry-over effect regarding treatment satisfaction. Higher satisfaction under morphine treatment was also reported in the ITT population (7.66 ± 2.21 under morphine vs. 6.01 ± 2.50 under methadone; p < 0.001).
Discussion
In this open-label, randomized, crossover trial, the effects of morphine substitution treatment were analyzed using a robust methodology with regard to self-reported mental symptoms, drug use and treatment satisfaction. Treatment with slow-release oral morphine was associ- 102 ated with less overall severity of mental symptoms, as well as less severity for specific mental health outcomes such as depression, dysthymic symptoms, vegetative symptoms, agoraphobic symptoms and sociophobic symptoms compared to methadone treatment. Furthermore, treatment satisfaction was significantly better under morphine treatment compared to methadone. Advantages of morphine over methadone were evident not only in the PP but also in the ITT population. Similar differences in treatment effects were observed in patients who previously received methadone and were switched to slow-release oral morphine [10] .
No significant differences between morphine and methadone treatment were noted with regard to co-consumption of heroin, cocaine, benzodiazepines or alcohol. Previous findings have suggested the efficacy of methadone in reducing opioid cravings over 24 h, but without sufficient stabilization of mood disturbances over this time period. This finding was related to the pharmacokinetic properties of methadone and its differential effects on mood and withdrawal suppression [17] . In a comparative study, slow-release oral morphine produced a later plasma peak than methadone, which could explain the better subjective efficacy with respect to withdrawal and mental symptoms over a 24-hour period [7] . However, in this study the dose level of morphine was comparatively low (methadone/morphine conversion factor 1: 4.6) in order to reach an adequate substitution effect. Advantages of morphine over methadone in terms of depression, anxiety and quality of life have been described before [9, 13] , but only one study followed a controlled design [9] . However, that study failed to find superior quality of life outcomes in the morphine group, likely due to the small sample size and low statistical power. Our study provides additional clinical evidence for a superior effect of slowrelease oral morphine on improvement of psychiatric symptoms compared to methadone, and was conducted using a relatively large and controlled study design. Since a flexible dose regimen was used in both treatment conditions and average doses of morphine and methadone (based on a ratio of about 7.6: 1) were similar [see 8 ], the observed effects may be associated with the intrinsic pharmacological profile of the treatments.
Treatment goals have seen a shift from a paternalistic model of delivery of care to a more patient-centered approach in recent years [18] . In this context, the concept of shared decision making and patient satisfaction has become even more important. Whilst in addiction medicine, shared decision making faces some disease-inherent and legal boundaries, satisfaction with treatment as a preference for specific substitution medication should be considered in daily practice in order to improve the chances of achieving treatment goals in this difficult-totreat population. In our study, patient satisfaction was considerably higher with slow-release oral morphine as compared to methadone. Some limitations should be mentioned. Although patients enrolled in this study were already under methadone maintenance treatment, motives for treatment switch were not evaluated. Patients may have been either dissatisfied by ongoing (methadone) treatment or were curious to experience an alternative treatment which is currently under clinical evaluation. The SCL-27 scale -a short form of the well-established symptom check list SCL-90 [14, 19] -was used because of the availability of a validated translation into German and the fact that the short version is less burdensome to administer without loss of sensitivity of change [20] . The SCL-27 has acceptable psychometric properties which were found for the overall GSI score as well as for the subscales in studies with clinical and nonclinical samples [21, 22] (which is also true for the further developed version SCL-27-plus [23] ). Other instruments for assessing psychological distress are not well established in the target population of opioid-dependent persons. Treatment satisfaction assessed by VAS may have some limitations, but has the advantage of providing a clear and simple measure. Alternative instruments, e.g. the Treatment Satisfaction Questionnaire for Medications-9, are more general as they combine effectiveness, side effects, convenience and global satisfaction. Although the latter dimension in this questionnaire is based on three items, one may question their power compared to a simplified unbiased and straightforward VAS [24] .
A sequence effect was observed with regard to mental symptoms as well as to cocaine and alcohol consumption, with a stronger symptom load and more substance use in the methadone-morphine arm (group 2). Wide standard deviations in comparison to the means suggest that these effects may have mathematical rather than clinical relevance. With regard to self-reported cocaine use, no changes were seen in the methadone-morphine sequence (group 2) and there was some reduction of use in the morphinemethadone sequence (group 1). Higher use of alcohol was reported in both sequences of treatment, although levels were highest in the methadone-morphine sequence (group 2). A period effect was seen, such that an overall decrease in treatment satisfaction was apparent as the time in study progressed. Despite some inconsistent effects regarding sequences and periods, no statistically significant carry-over effects were seen in any parameter tested. This confirms the validity of the findings of this study.
In the context of patient-centered medicine, our data support a positive effect of slow-release oral morphine compared to methadone on patient-reported outcomes such as mental symptoms and treatment satisfaction, with similar effects on concomitant drug use. Slow-release oral morphine therefore represents a meaningful alternative to methadone for the treatment of chronic opioid dependence.
